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(g) Bioadhesive treatment compositions and methods of use. 

® JL^T!!f ° n , "^P*** I dispersion of a bioadhesive containing polyvinyl pyrrolidone and a 

Z^^T^t^^^ trtr 1 ThG # 0f the ^^risVnKed?^e^bly 

to about 6^ or less, so that the bioadhesive is in a water-insoluble form. The bioadhesive is capable <rf 
binding water and other suitable ingredients, such as cosmetic or medicinal aaente to « ^,r^ 
membrane or the skin. If it fe desirable to remove the composition | TmTy wt heTaway wift ™dS 
tap water. Upon contact with tap water, the bioadhesive becomes water-soJubleT and loses ih T«dhS 

S£f^ 0d ° f adherinQ ^ to *• 
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Field of the Invention 



The present invention relates to bioadhesive treatment compositions which adhere to the skin and mucosal 
membranes, and to methods utilizing these compositions. 

5 

Background of the Invention 

Bioadhesives are generally known to be materials that are capable of being bound to a biological mem- 
brane, and retained on that membrane for an extended period of time. Bioadhesive compositions often include 
10 a therapeutic agent, which is released in a controlled fashion to provide a longlasting effect 

U.S. Patent No. 4,292,299 to the Suzuki, et al., describes controlled release preparations in the form of 
tablets or granules, which contain a bioadhesive layer and a non-adhesive layer containing a medicament 
When the preparation is exposed to the wet mucosal surface, the bioadhesive layer becomes adhered, but 
the non-adhesive layer begins to disintegrate thereby releasing the medicament. Polymers suitable for use in 
is these preparations include acrylic acid homopdymers and copolymers, hydrophilic vinyl polymers, hydrophilic 
cellulose derivatives, and polysaccharides. Mixtures of these polymers, such as polyvinyl pyrrolidone and car- 
boxymethyl cellulose, are also described as being useful as the adhesive layer. 

Bioadhesive compositions suitable for use as adhesives for oral mucosal membrane plasters are discussed 
in Japanese Laid Open Patent Application No. 63-189484. The adhesive compositions comprise polyvinyl pyr- 
20 rolidone, carboxymethyl cellulose or a salt thereof, and a water softening agent, such as glycerin, diglycerin, * 
triglycerin, sorbitol and multitol. The weight ratio of the polyvinyl pyrrolidone to carboxymethyl cellulose is within 
the range of 95:5 to 60:40, and the content of the water-retaining softener with respect to 100 parts of the 
aforementioned polymers is within the range of 20 to 400 parts by weight The components of the composition 
are first dissolved individually in water, alcohol, eta, and the resulting solutions are then mixed in the specified 
25 ratios to prepare a solution of the adhesive composition. This solution is cast and dried, and used as the ad- 
hesive layer in the oral mucous membrane plaster. The plaster film can be used to protect localized areas of 
the oral mucosal membrane by applying the plaster to the affected area. Alternatively, the dried plaster may 
be impregnated with an active drug and used in preparations which provide a systemic therapeutic effect by 
absorption of the drug through the oral mucosal membrane. 
30 U.S. Patent No. 4,61 5,697 to J. R. Robinson relates to a controlled release treatment composition which, 

when in the presence of sufficient water to swell the bioadhesive, wil adhere to skin or to a mucosal membrane! 
The bioadhesive component of a composition contains a water-swellable, but water-insoluble, fibrous, cross- 
linked carboxyfunctional polymer, such as polycarbophil. The treating agents useful in the composition are se- 
lected from medicinal agents and cosmetic agents known in the art 
35 Bioadhesive compositions containing polycarbophi are commercially available. For example, Warner- * 

Lambert Co. markets a vaginal moisturization product, REPLENS®, containing polycarbophil which becomes 
bound to the vaginal cell surface. Moisture, within the polycarbophil polymer matrix, is delivered to the vaginal 
cell surface in a sustained release fashion. Warner-Lambert reports that the REPLENS® product is capable 
of hydrating the underlining vaginal tissue for days, thus eliminating the need fordairy application of the product 
40 by women who suffer from vaginal dryness. 

Since the REPLENS® product contains a water-insoluble bioadhesive polymer and is formulated as an 
ofl-in-water emulsion, it is difficult to remove the product from mucosal tissue with ordinary tap water. While 
this is a desirable property for longlasting moisturization of vaginal tissue, it is an undesirable property when 
one wishes to remove the product from the vagina. 

It would be desirable to have a product in which the bioadhesive properties can be selectively reversed 
so as to facaitate easy removal. Thus, a need has arisen for a composition which will bioadhesively attach to 
a mucosal membrane, but can be removed by natural physiological cell turn over or with tap water. 
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SUMMARY OF THE INVENTION 

The present invention relates to a composition employing a bioadhesive containing polyvinyl pyrrolidone 
and a carboxy-functional polymer, which is dispersed in a pharmaceuticaJly acceptable vehicle. The vehicle is 
preferably water, in an amount sufficient to form a liquid suspension, preferably a gel. The pH of the composition 
is controlled, preferably to about 6.0 or less, so that the bioadhesive is in a water-insoluble form. When in the 
water-insoluble form, the bioadhesive is capable of binding water and other suitable ingredients to a mucosal 
membrane or the skin. If it is desirable to remove the composition, it may be washed away with ordinary tap 
water, generally having a pH within the range of about 6.5-8.0. Upon contact with the tap water, the bioadhesive 
dissociates, becomes water-soluble, and loses its adhesive characteristics. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
DETAILED DE SCRIPTION OF THE PREFERRED EMBODIMENTS 

controlled, preferably to about 6 0 or less so that th- hs^TZ acceptadle veh, . c,e - The P H <* the composrtwn is 

rangeof about 0.011 to about 51 When c*rh™Jfh i "°, e ,0 CBrbox y Actional polymer is within the 
The pH of the composition is about 6.0 or less. When the composition is to be used on th„ m . 

pHo?ttir^ 

pH of the vagina. The composition pH is affected by the concentration of th» r art *» <T . . 
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acid, lactic acid and glucono-delta-Jactone 

It should be noted that the concentrations and ratios of the polyvinyl pyrrolidone and carbnxv f,m^„ n oi 
pdymers described herein refer to both the complexed and uncompTexed ZZ Z^XZ 
^ When the composition of the present invention is a persona, lubricant in the form of a gel, | generally con- 
about 0.5 to about 2.0 percent by weight hydroxyethyl cellulose; 

, D ^ ab0U L°f h !, a . b0Ut 2 5 PerCent by W6ight percenl of 1 he bfoadhesive containing polyvinyl pyrrolidone and 
carb^yrne hy. cellulose in a weight ratio (po.yvinyl P yrro.idone:carboxymethyl ceSof ZS o 1 S 
to about 4:1, preferably about 0.5:1 to about 2:1 and most preferably about 11- 
about 10 to about 40 percent by weight glycerine or propylene glycol; and 

a,*! J 50 ^ 8t>OUt 85 pCrCent by wei9ht water ' and ha3 a P H <* abou* 3.0 to about 5 0 
J17'; \ v™***™ Staining simply the bioadhesive and water is useful for hydrating a mucosal 

membrane » meant to mdude the membrane walls of oral, buccal, ocular, nasal, vaginal and rectal '^S 

Thetreatingagents suitable fbruse in the present invention indude any cosmetic oVmedWnSaSn^^ 
agenfc , indude persona, lubricants, antiviral agents, antifungal agents. antibacterial agents ZaSpLs dS 
c^n^agrances. anesthetics ophthalmic products, analgesics, antipurities, anlstem^eSds £ 
protedants, sunscreens, counterirritants, anticarries agents, anti-inflammatorv steroid -ni«™^T 
teina/peptides .and other drugs. Oneormoro of t^L^^^CZTt^^Z 
of the present invention to provide the desired effect composition 

Suitable personal lubricants indude hydroxyethyl cellulose, glycerine, mineral oil, petrolatum silicones la- 
ndin, lanolin oil. pdyethylene glycol and triglycerides Peawamm. silicones, la- 

whic^l^ n,S S " ita 1 b,e f ° r USe in tbe present invenHon inc,ude nonoxynol-9, octoxynol-9 and menfegol 
^ht h hk 1 I"" Spermicidal activit * and *™ »alts, such as zinc gluconate and zinc aTtete 
The bioadheswe of the present invention may also be used with antifunoal aoente Jc h »7 m ^ „o ', 
ketooonazole, tolnaftate, undecylenic acid and sodium propionate 9 miconazole, 

rfn J I ?K t !r CePt ?' eS , SUi,ab,e f ° r USe in the V"** 1 * invention indude nonoxynol-9. odoxynol-9 menfeool 
decae.hy.eneg.yco. monolaurate. Laureth .OS. methoxypo.yoxyethy.ene glycol lauroteS ^ 
The composibon may also have antibacterial properties through the addition of antibaderial aaente 

Deodorants and fragrances useful in the present invention indude sodium bicarbonate aluminum rhi« ri H» "' 

zzzssz ydrates ' a,uminum -zE^tssx 

GenHL^h!" 9 a96nt3 8I ! PreSent in ,he ^P 08 * 0 " in a "V therapeutic or cosmetically effective amount 
atuT?5*CS = 

ers. vehides, cheating agents, antioxidants, catering agents, flavors, cS^^^S^^ 

tec, ° f th ' S ' nVenti0n may be administe ' ed ^ virtually any means to provide the desfred con- 

ted between the skin or mucosal membrane and the composition. If the composition is to be apStoThe 

vti ' . '! Tf? ' bed , OVef k 6 t0 to beated - ^ wm P° si *>" * a PP'ied to the buc*2. <£T nasal 

m , UCO t membrane3 W,th the b8nd ' f0fCeps ^°t^ suitable instruments, .rrespeTe o? he 

Zl T 7 f C r P ° S,ti0n iS ,efl COnl8Ct with tne skin « "»"»*» membrane fiTs^ffcfent 
bme for the treating agent to be released over a control.ed period. surricient 

Example 1 

A personal lubricant gel of the present invention was prepared having the formulation shown in Table 1. 
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TABLE 1 





Ingredient 


Formulation 1 (% by Weight) 


5 


Carboxymethyl cellulose 


1.0 




Polyvinyl pyrrolidone 


1.0 




Hydroxyethyl cellulose 


1.5 


10 


Glycerine 


17.0 




Methylparaben 


0.15 




Sorbic acid 


0.10 


15 


Citric acid 


0.35 




Water 


78.90 



20 



25 



30 



This gel was prepared by premixing at 85*C the preservatives (methylparaben and sorbic acid) and gly- 
cenne. The premix was then combined with the remaining components of the composition and then mixed to 
form a hydrated gel at 31 °C. 

The resulting gel was dear and had a pH of 3.8-4.2. 

Example 2 

A study was conducted to measure the in-vitro bioadhesive force of Formulation 1 from Example 1 and 
three comparative formulations. Comparative A was a non-bioadhesive lubricating jelly which was prepared 
using the preparation procedure described above for Example 1. Comparative B was REPLENS® vaginal mois- 
tunzer. The compositions of Comparatives A and B are shown in Table 2. Comparative C was KV Moisturizer 
available from KV Pharmaceutical Co. KV Moisturizer is a vaginal moisturizing/lubricating product containing 
a bioadhesive, and is formulated as a water-in-oil emulsion. 
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The in-vitro bioadhesive force was measured on a Chatillon Digital Force Gauge Model DFGHS 2 available 
from Chatillon Instruments. Two pieces of chamois, each having a diameter of 1.3 cm and an area of 1 3 cm* 
were used as the membranes on the force gauge. One membrane was attached to the stationary steel platen 
with epoxy glue. The other membrane was attached with a waterproof adhesive to an acrylic plate, which could 
be raised or lowered at a variable rate. The membranes were equilibrated with a citrate-phosphate buffer having 
an ionic strength of 0.1 M and a pH of 4. 9 

The membranes were equilibrated for one minute at 37>C. The test formulation (0.3 ml sample size) was 
hen , apphed to the membrane mounted on the steel platen using a syringe. The buffer solution used to equi- 
librate the membrane was also used as the control solution. The moveable acrylic plate containing the other 
chamois membrane was moved vertically until it contacted the stationary plate and a compressive force of one 
pound was obtained. The moveable plate and the stationary platen were maintained in this condition for one 
minute Then, the moveable plate was lowered at a slow, controlled rate for 30 seconds and bioadhesive force 
of the test formulation was measured. 

. F |?- ^ ports the b '^esWe force of each of the tested formulations. The results presented in this figure 
show hat the personal lubricant of the present invention has a greater bioadhesive force than the comparative 
formulations, especially Comparatives B and C containing the bioadhesive polymers 
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Example 3 
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Asfudywascon^^ 

subject's vagma over an extended period of time. In this study, a personal lubricant composition ouLTesZ 
invention, idenbf.ed as Formulation 2 in Table 3, was compared with Comparative A from Table 2. 

2 wIX h 8CC T d H n , Ce Wlth Pi0Ceto USed f ° r ExamF * e 1 ' ** h Comparath,e A and fSSSK 
2 were gels. Two dm* stud«s, using the same protocol, were conducted in which adult female subject wem 
randomly assigned to use either the Formulation 2 or Comparative A. A total of 41 adult femalel^^ 
this study, in which 20 used Formulation 2 and 21 used Comparative A. competed 

TABLE 3 





Ingredient 


Formulation 2 (% by Weight) 


15 


Carboxymethyl cellulose 


1.0 




Polyvinyl pyrrolidone 


0.9 




Hydroxyethyi cellulose 


1.5 


20 


Glycerine 


17.0 




Methyl paraben 


0.2 




Sorbic acid 


0.05 


25 


Citric acid 


0.35 




Water 


79.0 



55 



Priorto introduction of the lubricant product, blank samples were taken from all subiects The farmihtfinn. 

aZ^^IlT The , SamP,eS ^ ,ake " W<th M *** "«« weigheTbeCTnd 

afte gabbing to determine the sample weights. The sample swabs were then placed in screw-cap vJsc^ 
taming 2 ml. of ethanol:water (30:70) until analyzed wew-cap viais con- 

fer n^l h H F ° rn,Ulati0n C ° mpara,ive Acontai n17%byweightglycerine. The swabsamples were analyzed- 
fo^ycenne ^ pas chromatography (GC). In the GCanal^ 

when the methanokwater blank was injected. The standard and sample areas were corrected for 

peak. The set of five samples (b.ank, 1 hour, 5 hour. 10 hour and 5 ~ SSSSflSSS" 

then analyzed in duplicate. Before analyzing a sample set. three injections of the standard we^ae B .aS 

solvent Ejections were made before and after the injection of the standards. The averse 

k ^ Ca ' CU,ated * 1 he ™™^9 standards and the sample se^easTer^r^ 

% glycerine = sample area x 100 x (2000 + sample weight) 
where . sampleweightx response factor for standard 

^ Response factor of standard is the glycerine peak area In the standard calculated for 1 mg/ml concerv 

Sample area is a glycerine peak area in the sample; and 
Sample weight is in milligrams 

From the percent glycerine, the percent lubricant resin in the samples was calculated as follows: 

% lubricant = ^^^TjOexjIOO 
The results were tabulated and the resulting statistical analysis is shown in Table 4. 
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Example 4 



Astudy was conducted to determine the effect of pH on the dissolution of personal lubricant of the oresent 
.nven .on Formu.at.on 2 of Example 3. and a comparative lubricant composition. Comparat^ AfromTabte 2 
in water. The expert was conducted using a United States Pharmacopeia Dissolution AppamS Knt„' 
quanbt.es of each lubncant were pieced in a basket and then immersed in a vessel filled wit h aqueous buffers 

after dehydrabon was measured at the conclusion of the experiment 9 

^HR^f^ 4 5 6 7 

at 3 7 Vfer S p t ' n K ,he 8PParatUS ^ CaCh ' a,ed With separate buffer ""tali ^d equHiLL 
?^T^ r ; to Ch ^ 9 WHh the Sample ' the was Then, one gram of S 

^oft«l^Yf^^ loaded into a series of baskets which were then immersed in each of the buffered solutions The rotation 
spe^ of the apparatus was set at 100 rpm and every basket was weighed at 0.5, 1, 2, 4. 6, and 24 houre £2 

ing sohds were weighed. Each sample was run three times in each of the buffered solutions 

FIG. 3 is a graph showing the percent weight change of Formulation 2 over time. During the first four hours 
of the expenment. Formulation 2 swelled at similar rates at all pHs. However after four hours Z Sir, « 
ph^tedtodomin^ 

nr ST "IT* C °" inUCd '° inCTeaSe in Wei9ht " indicati "9 ^.ing of the bioadhesT 

FIG. 4 shows the percent wetght change for Comparative A vs. time. As can be seen. Comparative' A ex 

T^e^^ 
tege^l^ dr?^ 

remained undissolved. In contrast, less than 5%of the solids remained afa pHrfl heS °" dS 
FIG. 6 » similar to FIG 5. and shows the weight percentage of dry solids of both Comparative A and For 

of the solids of Formulation 2 remained after 24 hours at a pH of 4 p ^ rDon 
Since the natural pH of a woman's healthy vagina is within the'range of about 3-5. the oereonal lubricant 
r nti0n tT ^ 8nd retainS itS m ^^and bioadhesiv pS S 

IKS? ? ff * iS deSirab,e t0 rem0ve ,he "^position from the mucL ti^e These 
^8 The llt Z C ° mPOSrt r k^" diS30Ciate With 0rdin8ry tep Water havi "9 a PH 'he rar^or abTt 
FIG 7 showtTiT 6 persona, lub " cant wthout the bioadhesive was shown to dissociate irrespective of pH - 
,i„nSL« ? ? T? ° , ." ater retaine ° Formu,atio " 2 after 24 hours in the buffered solutions A' 
ZT. ^ if« f" 0 "^ m0iStUrc relaine ° When lhe ^Position was maintained in an envim^ 
having a pH of 6 or less. This is an important property in a personal lubricant, since it indicates that Z cZ- 

aTXagr 36 " 1 ^ 0 "^ 
Example 5 

fen™ ?! r 3 C0 1 nd " cted J to measure the lubricit y <* the personal lubricant of the present invention Formu- 
cf fT? 1 ' 8 ^P^ 6 ,ubricant ^Position. Comparative A from Table 2. The coefS 

HISS. me8SUred ° V6r *" " a " enVi,0nment mai " teined at 30 ° C and 40% relate 

The teste were conducted on a custom-made friction testing apparatus. The apparatus contained a orobe 
wh^h was moved over a fixed base. The probe was in the form of a spring biased wheel £S 
axJeTheaxle wassupported by amoveable platform which was disposed overthefixed base Ihe^^Z 
was interposed between the wheel and the base, and the platfo Jwas moved pare e, k Z^mtlZSi 

TZtrtTl* 8 T 8m0Unt ° f ^ ( ° r d0W " Ward) f0fCe °" the test base. Bated on he 

amount wheel rotation, a computer was used to calculate the coefficient of friction of the test s^mole 

J", ^ SimUlate ,he condifions which a personal lubricant is used, a NU-GEL® hv- 

droge. pad. avaDable from Johnson & Johnson Medical. Inc. was secured to the base. The hyZgeip^L 
hen covered with a natural membrane condom made from sheep caecum. A small block of styro^am fssZ 

by the strofoam block were transited proportionally to the wheel, so that the coefficient of mrt on could be 
measured. The styrofoam was also covered with a sheep caecum membrane. The membrenes were rinsed 
with water and kept moist by applying wet paper towels. The excess water was removed pTt "Sting by 
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blotting with a paper towel. 



Formulate 2 was tested once, whereas ^71^3 minUte parb4 

During the first two minutes of the test the coeff ilT 5EJ • * 8nd the resu,ts were averaged, 
were 0.376 and 0.337. respectively. The SStoTS^^ F ° rmu,ation 2 and Comparative A 
^3and15) fo ,Fo^ 

The increase in friction of the tested samples over tinTe^atWbutefto ?V • £ 
friction of ComparaBveAincreasedsi^^ t0 S8mpte drv,n 9- The coefficient of 

of the present invention ex^nc^a^^^^^" 0 "- °" ,he ° ther hand ' the ,ubrica "t 
sive, initially swoHen with water, hylreid th "^ ff,c,e ; tof Wc «on because the bioadhe- 
The foregoing examples are intended to be2s*llZZ * * ' Ubricous e ^onmenL 

ifications can be made to the abov JSmSHi ^EZ^^E"?! "^i" 0 "- Vari ° U3 chan »* and "»* 
the present invention. embodiments wrthout departing from the spirit and scope of 

Claims 

1. A composition, comprising: 
po,^^ 

maintain said bioadhesive insoluwTin sS Side ^Position having a P H sufficient to 

2. A composition according to claim i, wherein said vehide comprises water. 

3. A composition according to claim 2 wherein the. * 

consisting of pdyacryJadd, car^^S^^^^^tH. gmup 

4. A composition according to daim 3, wherein water is the major constituent 

5. A composition according to daim 4, wherein the pH is about 6.0 or less. 

6. A composition according to daim 5. in the form of a gel. 

7. A treatment composition, comprising: 

a treating agent and 

soluble form. 9 P suff,cien * to maintain said bioadhesive in a water-in- 

8. A personal lubricant composition, comprising: 

at least one personal lubricating agent and 

WcToiTe^ 
™ 8 ec,„:1toabc^ 

9. A personal lubricant composition according to claim 8, comprisinq- 

about 0.5 to about 2.0 percent by weight hydroxyethyl cellulose- 
about 05 to about 2.5 percent by weight of said ^^1^' 

a JTl « ° ^ " l 40 PefCent by W6i9ht M"*™ <" Propylene glycol- and 
about 50 to about 85 percent bv weioht wafer m h • 
5.0. y m Water ' and 83,(1 composition having pH of about 3.0 to about 
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